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PHARMACEUTICAL MICROEMULSION
FOR PREVENTING SUPRAMOLECULAR
AGGREGATION OF AMPHIPHILIC
MOLECULES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a 35 U.S.C. 371 National Phase Entry
Application from PCT/EP2010/050046, filed Jan. 5, 2010,
which claims the benefit of European Patent Application No.
09000055.5 filed on Jan. 5, 2009, the disclosure of which is
incorporated herein in its entirety by reference.

The present invention refers to a microemulsion formu-
lation suitable for preventing superaggregation of amphi-
philic substances which aggregates may cause hypersensi-
tivity reactions and other unwanted side effects.

Presently, there are injectables on the market comprising
hardly soluble drugs, such as taxol, docetaxel, amphotericin
B, and doxorubicin which in some clinical cases caused
high-sensitivity reactions (HSR), unwanted side-effects such
as flushing, chest pain, tachycardia, hypotension, and some-
times death of the patient. Such strong side-effects could be
reduced by administering the infusions over longer periods
of times and by pre-treating the patients with steroids,
antihistamines and H2-antagonists (1-2). In all these cases,
the HSR effects have been attributed both to the drug per se
and to the excipients/delivery systems such as surfactants,
liposomes, etc. (3-9).

However, toxicity of the drugs can originate not only from
biochemical intracellular adverse interactions or systemic
allergic reactions linked to the specific chemical structure of
the drug molecule, but also from its molecular aggregation
state.

For example, though some contradictory interpretations
still exist, there is growing evidence that aggregates of the
antifungal drug amphotericin B may result in intravenously
infusion-related hypersensitivity side-effects and in drug
precipitation causing obstruction of renal tubules (10). Also
haemolytic activity of amphotericin B has been shown to
depend on the formation of molecular aggregates (11).

On the other hand, modification of amphotericin B
molecular aggregation state resulted in reduction of toxicity
(12) and was found to be the key factor determining drug
activity/toxicity ratio (13).

Paclitaxel is a drug which is hardly soluble in both polar
solvents and non-polar solvents. Also in this case, the
marketed formulations are reported to cause hypersensitivity
reactions which have been attributed both to the drug and to
the non-ionic emulsifier vehicle.

The dilution of the commercial injection concentrates into
infusion solution results in micelle-like molecular aggre-
gates and needle-like structures which cause the activation
of the immunogenic system which consequently induce
hypersensitivity reactions (14).

Docetaxel is another taxane drug, which has been found
to cause acute HSR (15-16). Substitution of paclitaxel with
docetaxel does not eliminate HSR (17), rebutting the pos-
sible attribution to the taxane moiety of the etiologic factor
in the hypersensitivity side-effects. Also for docetaxel the
potential molecular aggregation tendency can be the basis
for HSR (18).

Not only amphiphilic drugs can self-assemble and thus
lead to hypersensitivity reactions due to molecular aggre-
gates but also amphiphilic excipients can undergo the same
supramolecular aggregation phenomenon causing severe
side-effects. Excipients such as surfactants having long
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hydrophobic chains with strongly polar head groups form
micelles above the critical micelle concentration (CMC), i.e.
large supramolecular aggregates potentially stimulating
immunogenic reactions.

There are several pharmaceutical compositions known in
the prior art for solubilising drug components via emulsion
formulations, however therein superaggregation can not be
excluded.

WO 00/50007 discloses a pharmaceutical composition
comprising a hydrophobic therapeutic agent and a carrier,
wherein the carrier comprises at least one hydrophilic sur-
factant and at least one hydrophobic surfactant which are
present in an amount that upon mixing with an aqueous
solution a clear aqueous dispersion is obtained. Thus, in this
system the surfactants are used to disperse the solid drug
agglomerates in the aqueous phase.

WO 01/01960 discloses a pharmaceutical composition
comprising a triglyceride, a carrier comprising at least two
surfactants and a therapeutic agent which is capable of being
solubilised in the triglyceride, in the carrier, or in both the
triglyceride and the carrier. The triglyceride and the surfac-
tants are present in an amount such that upon mixing with an
aqueous solution the composition forms a clear aqueous
dispersion. As mentioned above, the presence of a dispersion
points to the fact that the therapeutic agent is present as a
solid substance, i.e. in aggregates, and, thus, is not solved
molecularly in the triglyceride or water phase of the emul-
sion.

EP 1 067 908 describes a self-emulsifying preconcentrate
of'a taxane in a microemulsion, consisting of 10-80 wt.-% of
a hydrophobic component and 20-80 wt.-% of a surfactant
comprising at least one non-ionic surfactant and further
optional components, wherein the preconcentrate when
mixed with an aqueous medium gives a microemulsion.
Superaggregation of the pharmaceutically active agent has
not been investigated.

US 2006/067952 describes an intravenously injectable
oil-in-water-emulsion comprising a taxoid drug, an oil com-
ponent, an ionic phospholipid component, and water.

Actually, a potentially HSR-preventing method for for-
mulations containing amphiphilic vehicles has been recently
proposed based on the use of specific complement C inhibi-
tor substances, such as polyanions, diamines, synthetic
peptides, antibodies, etc (19).

Also, WO 2004/009075 discloses a paclitaxel delivery
system, wherein paclitaxel is solubilized. It is stated that this
system does not form aggregates even after being dispersed
in water. The formulation is composed of at least one
monoglyceride compound, at least one oil, and paclitaxel.

However, there is still a need for improved formulations
with HSR-preventing properties wherein supra-molecularly
aggregation of both amphiphilic drugs and excipients is
minimized or inhibited.

Surprisingly, it has now been found that a microemulsion
comprising at least one amphiphilic substance, at least one
oily component, an aqueous phase, at least two structurally
different non-ionic surfactants, at least one polarity modifier
and at least one cosurfactant is suitable for injectables
without any self-assembled aggregates being formed.

Thus, one aspect of the present invention is directed to a
microemulsion, comprising

(1) at least one amphiphilic substance,

(ii) at least one oily component,

(ii1) an aqueous phase,

(iv) at least two structurally different non-ionic surfac-

tants,
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(v) at least one polarity modifier and

(vi) at least one cosurfactant.

The term “amphiphilic substance” refers to a compound
exhibiting a polar and a non-polar domain.

The amphiphilic substance is preferably substantially
insoluble in water and preferably has a solubility in water of
lower than 5 g/l, more preferably of lower than 2 g/l, and
even more preferably of lower than 0.5 g/l at room tem-
perature.

In another embodiment, the amphiphilic substance has
also a low solubility in non-polar solvents. The solubility of
the amphiphilic substance in benzene is preferably lower
than 0.5 g/l at room temperature.

In one embodiment, the amphiphilic substance is an
amphiphilic pharmaceutically active agent or an amphiphilic
drug, in particular an amphiphilic drug.

In a preferred embodiment, the pharmaceutically active
agent may have anti-tumoral, antibiotic immunosuppressant,
antibacterial, antifungal, ACE inhibiting, anti-asthma, anti-
depressant, antipsychotic, respiratory stimulating, anti-pul-
monary hypertension and anti-diabetic properties, but is not
limited thereto.

Examples of pharmaceutically active agents are drugs
such as taxanes and taxane derivatives, e.g. paclitaxel,
docetaxel, etoposide, vinblastine, doxorubicine, epirubicine,
idarubicine; platinum compounds, e.g. cisplatin, carbopla-
tin, oxaliplatin; cyclosporine, ansamycin, erythromycin, tet-
racycline, amphotericin B, enalapril, salbutamol, zometap-
ine and droperidol, however, are not limited thereto.

In a preferred embodiment, the pharmaceutically active
agent is selected from the group consisting of taxanes and
taxane derivatives, such as paclitaxel, docetaxel, etoposide,
vinblastine, doxorubicine, epirubicine, idarubicine, and
platinum compounds, such as cisplatin, carboplatin, oxali-
platin.

In an even more preferred embodiment, the pharmaceu-
tically active agent is a taxane or a taxane derivative, e.g.
paclitaxel, docetaxel, etoposide, vinblastine, doxorubicine,
epirubicine, idarubicine.

The term “derivative” as used herein means a compound
having a basic structure, e.g. a taxane structure, to which
suitable substituents are bound via covalent bonds and/or
physical interactions.

In another embodiment the amphiphilic substance is an
excipient e.g. a molecule having both hydrophobic and
hydrophilic domains.

Examples of excipients are surfactants such as polyoxy-
alkylene alkyl ethers, polyoxyalkylene sorbitane fatty acid
esters, polyglycerol fatty acid esters, sodium lauryl sulphate,
but are not limited thereto.

In a preferred embodiment, the microemulsion according
to the invention contains a single amphiphilic substance,
preferably a single pharmaceutically active agent, more
preferably a single drug.

In another embodiment of the present invention, the
microemulsion contains two different amphiphilic sub-
stances, preferably two different pharmaceutically active
agents, more preferably two different drugs.

According to the invention, the microemulsion preferably
comprises the amphiphilic substance (component (1)) in an
amount of 0.0001 to 5.0 wt.-%, more preferably of 0.001 to
3 wt.-%, even more preferably of 0.001-1 wt.-% based on
the total weight of the microemulsion.

The oily component (ii) is insoluble in water. As used
herein, the term “insoluble in water” means a solubility in
water of less than 2.0 g/l, preferably less than 0.5 g/1, more
preferably 0.2 g/l1.
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In a preferred embodiment, the oily component is a fatty
acid ester or/and a fatty acid.

In a more preferred embodiment, the oily component is
selected from the group consisting of

fatty acid triglycerides, such as glyceryl tricaprate, glyc-

eryl trilaurate, glyceryl trilinoleate, natural occurring
oils deriving from plants or animals such as olive oil,
sesame oil, sunflower oil, soybean oil, castor oil and
fish oil, but not limited thereto.

fatty acid diglycerides, such as propylene glycol capry-

late, propylene glycol caprate, diolein, dilinoleate, but
not limited thereto.
fatty acid monoglycerides such as monoolein, mono-
palmitolein, monomyristolein, but not limited thereto.

fatty acid esters of monohydric alcohol such as ethyl
oleate, isopropyl myristate, isopropyl palmitate, but not
limited thereto.

fatty acids such as oleic acid, linoleic acid, fish oil, but not

limited thereto.
and mixtures thereof.

“Fatty acid” as used herein means a straight or branched
chain, saturated or unsaturated, optionally substituted,
hydrocarbon with at least 8, preferably at least 10, preferably
at least 12, more preferably at least 14, even more preferably
at least 16 and most preferably at least 20 carbon atoms
having a carboxylic acid functional group.

In a preferred embodiment, “monohydric alcohol” is a
C,.s monohydric alcohol, preferably a C, ; monohydric
alcohol, such as for example methanol, ethanol, propanol or
isopropanol.

In particular, monohydric alcohol is methanol, ethanol,
propanol or isopropanol, even more preferably methanol,
ethanol and isopropanol, and most preferably ethanol and
isopropanol.

As used herein the term “fatty acid (mono-, di- or tri-)
glycerides” refers to compounds wherein one, two or three
hydroxy groups of glycerol are esterified or/and etherified
with optionally hydrogenated synthetic or naturally occur-
ring fatty acid(s) whereas possibly remaining hydroxy
groups of the glycerol (if any) rest unreacted.

In another embodiment, the oily component is selected
from the group consisting of fatty acid triglycerides, fatty
acids, fatty acid esters of monohydric alcohols and mixtures
thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acid mono-, di-, triglyc-
erides, fatty acid esters of monohydric alcohols and mixtures
thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acids, fatty acid mono-,
diglycerides, fatty acid esters of monohydric alcohols and
mixtures thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acids, fatty acid triglyc-
erides, fatty acid esters of monohydric alcohols and mixtures
thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acid mono-, di-, triglyc-
erides and mixtures thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acids, fatty acid mono-,
diglycerides and mixtures thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acid esters of monohydric
alcohol, fatty acid triglycerides and mixtures thereof.
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In another embodiment, the oily component is selected
from the group consisting of fatty acid mono-, diglycerides,
fatty acid esters of monohydric alcohols and mixtures
thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acids, fatty acid triglyc-
erides and mixtures thereof.

In another embodiment, the oily component is selected
from the group consisting of fatty acids, fatty acid esters of
monohydric alcohols and mixtures thereof.

In another embodiment, the oily component is at least one
fatty acid ester of a monohydric alcohol.

In a preferred embodiment the oily component is free of
fatty acid triglycerides or/and fatty acid diglycerides or/and
fatty acid monoglycerides.

In a preferred embodiment, the oily component is free of
fatty acid mono- or diglycerides.

In another preferred embodiment, the oily component is
free of fatty acid triglycerides.

In a preferred embodiment, the oily component contains
one, two, three or four different oily compounds, in particu-
lar one or two, preferably one oily compound.

The oily component (component (ii)) is preferably present
in an amount of 0.1-25 wt.-%, more preferably of 1-25
wt.-%, and even more preferably of 1-20 wt.-% based on the
total weight of the microemulsion.

The aqueous phase (component (iii)) according to the
invention comprises water, preferably a pharmaceutically
acceptable type of water, such as sterile water, deionized
water, or water for injectables according to Eur. Pharmc.

The aqueous phase may further comprise a water soluble
formulation aid known in the art which are e.g. suitable for
adjusting pH value, viscosity, taste, stability etc. Examples
for formulation aids are buffers such as calcium citrate, citric
acid, potassium phosphate, sodium borate, sodium glucon-
ate, isotonic agents such as sucrose, sodium chloride, potas-
sium chloride, sorbitol, mannitol, viscosity-increasing poly-
mers such as hyaluronate sodium, cellulose derivatives,
polyvinylpyrrolidone, alginate sodium and chitosan, poly-
acrylic acid salts, and flavours such as vanillin, orange, but
are not limited thereto.

The aqueous phase may be preferably present in an
amount of 40-95 wt.-%, more preferably of 50-95 wt.-%,
and even more preferably of 60-85 wt.-% based on the total
weight of the microemulsion.

The formulation aid may be present in an amount of from
0 to 30 wt.-%, more preferably from O to 20 wt.-%, and even
more preferably from 0 to 15 wt.-% based on the total
amount of the aqueous phase.

An essential object of the present invention is that the
microemulsion comprises at least two structurally different
non-ionic surfactants (component (iv)) which are different
from the oily component (ii). By combining two structurally
different non-ionic surfactants, on the one hand the interac-
tion between the oily component (ii) and the aqueous phase
(iii) leads to a fine dispersion of the oil in the water phase
and on the other hand the interaction between the oily
component (ii) and the amphiphilic substance (i) can be
individually adjusted to each system, so preventing the
amphiphilic substance or/and amphiphilic excipient to
aggregate.

“Non-ionic surfactants” as used herein are surfactants
which do not exhibit an ionic charge under conditions under
which they are used.

Examples of non-ionic surfactants are alkylglucosides,
polyoxyalkylene alkyl ethers, polyoxyalkylene alkyl phe-
nols, polyoxyalkylene fatty acid esters, polyoxyalkylene
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glycerol fatty acid esters, polyoxyalkylene sorbitane fatty
acid esters, polyoxyalkylene block-copolymers, polyglyc-
erol fatty acid esters, polyoxyalkylene glycerides, polyoxy-
alkylene sterols, polyoxyalkylene vegetable oils, polyoxy-
alkylene hydrogenated vegetable oils, polyglycerol ether,
polyoxyalkylene glycerol ester, polyoxyalkylene, and poly-
vinylalcohol, but are not limited thereto.

In a preferred embodiment, at least two non-ionic surfac-
tants may be selected from the group consisting of poly-
oxyethylene alkyl ethers, polyoxyethylene sorbitane fatty
acid esters, polyoxyethylene fatty acid esters, polyoxyeth-
ylene glycerol fatty acid esters, polyoxyethylene polyoxy-
propylene block copolymers, polyglycerol fatty acid esters,
polyoxyethylene sterols, polyoxyethylene, but are not lim-
ited thereto.

Because of the low water solubility of the amphiphilic
substance, the amphiphilic substance is generally included
in the oily component. As mentioned above, the amphiphilic
substance which diffuses from the oily phase to the water
phase often tends to form supramolecular aggregation.

In order to reduce the diffusion of the amphiphilic sub-
stance, it is advantageous that at least one of the at least two
non-ionic surfactants is sterically voluminous and thus pre-
vents the amphiphilic substance from migrating into the
aqueous phase. In another preferred embodiment, the micro-
emulsion contains at least two non-ionic surfactants being
sterically voluminous. Examples for such voluminous non-
ionic surfactants are polyoxyethylene-polyoxypropylene
block copolymers, polyvinylalcohol, polyoxyethylene sor-
bitane fatty acid esters, polyoxyethylene alkyl ethers, and
polyoxyethylene fatty acid esters, in particular polyoxyeth-
ylene-polyoxypropylene block copolymers, polyoxyethyl-
ene alkyl ethers, polyoxyethylene fatty acid esters, and
polyoxyethylene sorbitane fatty acid esters, more preferably
polyoxyethylene sorbitane fatty acid esters.

In a preferred embodiment, component (iv) is free of fatty
acid monoglycerides or/and fatty acid diglycerides as
defined above.

In a preferred embodiment, the microemulsion comprises
2, 3 or 4, preferably two non-ionic surfactants.

The total amount of the at least two non-ionic surfactants
(component (iv)) is preferably in the range of 0.1-25 wt.-%,
more preferably in the range of 1.0-25 wt.-%, and even more
preferably in the range of 1-20 wt.-%, based on the total
weight of the microemulsion.

The microemulsion of the present invention further com-
prises at least one co-surfactant (vi) selected from the group
consisting of non-ionic surfactants, mono alcohols, polyols
and mixtures thereof. In a preferred embodiment, at least
one cosurfactant is selected from the group consisting of
monoalcohols, polyols and mixtures thereof. The co-surfac-
tant is different from the non-ionic surfactants of component
(iv), from the oily component (ii) and from the polarity
modifier (v).

The co-surfactant accumulates—as the surfactants of
component (iv)—at the interface between oily component
and aqueous phase. By using at least one further co-surfac-
tant the interface layer is packed more densely and is thus
more water-repelling, which reduces the possibility of
molecular aggregates at the interface.

Suitable co-surfactants may be selected from the group
consisting of polyglycerol ester with fatty acids, polyoxy-
alkylated alkylether, diol, monohydric alcohols, polyoxy-
alkylated (hydrogenated) oil, and mixtures thereof, but are
not limited thereto.

In an even more preferred embodiment, the co-surfactant
is selected from the group consisting of diethylene glycol
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monoethyl ether (DME), polyglycerol-6-dioleate, ethanol,
n-propanol, 1,2-propyleneglycol, and polyoxyethylene
hydrogenated castor oil, but is not limited thereto.

More preferably, the cosurfactant is selected from the
group consisting of DME, ethanol, and 1,2-propylene gly-
col, in particular of DME and ethanol, and mixtures thereof.

Most preferably, the cosurfactant is ethanol.

In a preferred embodiment the co-surfactant is free of
fatty acid mono- or/and diglycerides.

The microemulsion preferably contains 1, 2 or 3 cosur-
factants, most preferably one cosurfactant.

The amount of co-surfactant may range from 0.05 to 15
wt.-%, preferably from 0.05 to 10 wt.-% and even more
preferably from 0.05 to 5 wt.-%.

The supramolecular aggregation of the amphiphilic sub-
stance in the aqueous phase (iii) is a phenomenon caused by
the so-called “hydrophobic interactions”. Therein, water
molecules structure themselves very tightly around the
amphiphilic molecules in order to maximise hydrogen bond-
ing. Above a certain concentration, amphiphilic molecules
tend to aggregate and as a consequence of the entropic gain
generated by the structured water molecules migrate into the
aqueous phase.

The overall polarity characteristics of the solvent are
conveniently defined by its overall Hildebrand solubility
parameter J,, which is the sum of a solubility parameter d,,
which is associated with hydrogen bonds, §, which is
associated with polarity interactions, and 8, which is asso-
ciated with v.d. Waals interactions (8,70,+3,+9,).

In case of water as the solvent, 8 (8,429
(J/em*)*?) makes up the bigger part of the overall Hildeb-
rand solubility parameter 8, (8, z7,,=47.9 J/em®)¥?). Thus,
the hydrogen bonds in water cause the high probability of
hydrophobic interactions, and thus supramolecular aggrega-
tion of the amphiphilic substances.

Consequently, if the probability of supramolecular aggre-
gation of amphiphilic molecules present in the aqueous
phase shall be reduced, it is necessary to add agents to the
aqueous phase, which are capable of reducing the overall
solubility parameter d, and in particular d,, of the aqueous
phase.

Therefore, at least one polarity modifier (component (v))
is present in the microemulsion according to the invention,
which is capable of lowering the overall Hildebrand solu-
bility parameter 8, of the aqueous phase.

The polarity modifier can be any substance which is
soluble in the aqueous phase and has an overall Hildebrand
solubility parameter §, lower than that of water, i.e. lower
than 47.9 (J/em?)'"? at 25° C. In a preferred embodiment, the
polarity modifier has a hydrogen-bond-associated solubility
parameter 0, which is lower than that of water, i.e. lower
than 42.9 (J/cm®)*2,

Examples for suitable polarity modifiers according to the
present invention are ethylacetate (§,=18.2 (J/cm?)"?), 1,3-
propyleneglycol (8,=28.6 (J/cm*)"*), methanol (5,-29.7
(I/em®) 2, 8,722.3 (J/em*)'?), ethanol (8,726.2 (J/em®)"/3),
8,~18.5 (J/lem*)*'2, acetic acid (8,/26.4 (J/cm*)'"?, 5,-18.9
(J/em*)*?), isopropanol and glycerol triacetate (8,=38.9
(J/em*)V2, 8,/8.9 (J/em?®)'"?), but are not limited thereto.

In a preferred embodiment, the polarity modifier is
selected from the group consisting of glycerol triacetate
(triacetin), isopropanol, ethanol and 1,3-propyleneglycol
and mixtures thereof, most preferably the polarity modifier
is glycerol triacetate.

However, in this context it should be noted that the
polarity modifier not only inhibits the supramolecular aggre-
gation of the amphiphilic substance, but also prevents the
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potential supramolecular aggregation of the surfactants/co-
surfactants themselves; this is of preferable relevance, as it
has been shown by different research groups that HSR side
effects can be generated also from the excipients.

The microemulsion preferably comprises 1, 2, 3 or 4
polarity modifiers, most preferably the microemulsion con-
tains one polarity modifier.

The polarity modifier (component (v)) may be present in
an amount of 0.1 to 10%, more preferably of 0.1 to 5%, even
more preferably of 0.1 to 4 wt.-% based on the total weight
of the microemulsion.

In general, a substance can have two different roles due to
its physico-chemical properties but according to the present
invention, all of the required components in the formulations
should be present; e.g. ethanol, which can be both a co-
surfactant and a polarity modifier cannot be used alone at the
same time as co-surfactant and polarity modifier but as
co-surfactant or polarity modifier in the presence of another
substance covering the other role.

In a preferred embodiment, the microemulsion according
to the invention comprises as amphiphilic substance (com-
ponent (i)) a pharmaceutically active agent, in particular
Docetaxel,
as oily component (component (ii)) at least one fatty acid
ester of monohydric alcohol, in particular ethyl oleate,
as aqueous phase (component (iii)) a pharmaceutically
acceptable water,
as at least two structurally different non-ionic surfactants
(component (iv)) polyoxyalkylene sorbitane fatty acid
ethers, in particular polyoxyethylene sorbitane monooleate
(Tween 80®) and polyoxyethylene sorbitane laurate (Tween
20®),
as polarity modifier (component (v)) triacetin and a co-
surfactant (component (vi)), in particular ethanol.

In another preferred embodiment, the microemulsion
according to the invention comprises as amphiphilic sub-
stance (component (1)) docetaxel, paclitaxel, oxaliplatin or
cyclosporin, in particular docetaxel, preferably in an amount
ot 0.1-2 wt.-%, more preferably 0.2-1.2 wt.-%, based on the
total weight of the microemulsion;
as oily component (component (ii)) at least one vegetable oil
or/and fatty acid esters of monohydric alcohol, preferably at
least one fatty acid ester of monohydric alcohols, preferably
a fatty acid ester of ethanol, n-propanol, isopropanol, more
preferably a fatty acid ester of ethanol, preferably in an
amount of 2-12 wt-%, more preferably of 3-10 wt.-%, based
on the total weight of the microemulsion; as aqueous phase
(component (iii)) a pharmaceutically acceptable water, pref-
erably a pharmaceutically acceptable water containing citric
acid as formulation aid, preferably in an amount of 65-90
wt.-%, more preferably of 70-85 wt.-%, based on the total
weight of the microemulsion. as at least two structurally
different non-ionic surfactants (component (iv)) polyoxy-
alkylene sorbitane fatty acid esters and/or polyoxyethylene
polyoxypropylene block copolymers, more preferably, poly-
oxyalkylated sorbitane fatty acid esters, preferably in an
amount of 6-16 wt.-%, more preferably in an amount of 7-15
wt.-%, based on the total amount of the microemulsion. as
polarity modifier (component (v)) triacetin, ethanol or 1,3-
propyleneglycol, more preferably triacetin, preferably in an
amount of 0.7-4.2 wt.-%, preferably in an amount of 0.9-3.8
wt.-%, based on the total weight of the microemulsion; and
as cosurfactant (component (vi)) ethanol, polyglycerol-6-
dioleate, DME or mixtures thereof, preferably ethanol, pref-
erably in an amount of 0.5-8.0 wt.-%, more preferably in an
amount of 0.7-7 wt.-% based on the total weight of the
microemulsion.
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as at least two structurally different non-ionic surfactants
(component (iv)) polyoxyalkylene sorbitane fatty acid esters
and/or polyoxyethylene polyoxypropylene block copoly-
mers, more preferably, polyoxyalkylated sorbitane fatty acid
esters, preferably in an amount of 6-16 wt.-%, more pref-
erably in an amount of 7-15 wt.-%, based on the total
amount of the microemulsion.

as polarity modifier (component (v)) triacetin, ethanol or
1,3-propyleneglycol, more preferably triacetin, preferably in
an amount of 0.7-4.2 wt.-%, preferably in an amount of
0.9-3.8 wt.-%, based on the total weight of the microemul-
sion; and

as cosurfactant (component (vi)) ethanol, polyglycerol-6-
dioleate, DME or mixtures thereof, preferably ethanol, pref-
erably in an amount of 0.5-8.0 wt.-%, more preferably in an
amount of 0.7-7 wt.-% based on the total weight of the
microemulsion.

In a preferred embodiment, the weight ratio of component
(iii) to component (ii) is lower than 50:1, more preferably
lower than 10:1. and even more preferably between 2:1 and
5:1.

Thus, in a preferred embodiment, the microemulsion
according to the present invention is an oil-in-water micro-
emulsion which means that individual droplets of the oily
component are distributed within the continuous aqueous
phase.

In a preferred embodiment, the mean average diameter of
the oily component droplets is in the range of 5 to 10,000
nm, preferably in the range of 10 to 2,000 nm, more
preferably in the range of 50 to 1,000 nm. The diameter also
includes the non-ionic surfactants assembling at the inter-
face oily component/aqueous phase.

In another embodiment, the weight ratio of component
(iii) to component (v) is between 1000:1 to 10:1, preferably
400:1 to 10:1, more preferably between 400:1 to 20:1.

In a further embodiment, the weight ratio of component
(iv) to component (vi) may be in the range of 100:1 to 1:1,
and more preferably in the range of 10:1 to 2:1.

In the microemulsion according to the present invention,
the formation of superaggregates is substantially lowered
compared to microemulsions lacking a polarity modifier.

The term “super-aggregate” as used herein means a plu-
rality (at least two) molecules which form larger unities by
physical interactions. Therein, the individual molecules are
no longer present independently.

Super-aggregation can be measured by dynamic laser
light scattering (DLLS) or by UV spectroscopy experiments.

Further, the microemulsions according to the invention
are stable, i.e. the droplet size remains unchanged and no
superaggregates are formed over time, preferably over a
period of 6 months, more preferably over a period of 8
weeks at standard temperature and standard pressure con-
ditions.

The microemulsion, and in particular the pharmaceutical
microemulsion, according to the invention are ideally suit-
able for administration to a patient, in particular for intra-
venous administration since they can be diluted in any ratios
with solutions for infusion, e.g. sterile water, NaCl solution,
glucose solution, etc. without any changes in the microemul-
sion stability and without any superaggregation of both
amphiphilic substances and surfactants/co-surfactants being
observed.

Thus, the microemulsions according to the present inven-
tion are preferably used for reducing or inhibiting the
formation of superaggregates in injectables.
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Thus, the microemulsions, the pharmaceutical micro-
emulsions, and the injectables made therefrom preferably
totally inhibit or largely decrease the HSR (High Sensitivity
Reaction) severe side effects.

In vivo experiments evidentiate that i.v. single bolus
administration of the microemulsion of the invention does
not generate side effects in the animals and lead to good
plasma levels of the drug, whereas the i.v. administration of
comparative formulations cause severe side effects leading
to death of the animals.

Another aspect of the present invention is a process for the
manufacture of a microemulsion according to the present
invention. Therefore, a mixture of components (i), (ii), (iv),
(v) and (vi) is prepared. To the obtained mixture the aqueous
phase (component (iii)) is added in several portions under
stirring. Finally, the mixture is agitated for another 0.5-3 h.

In another embodiment, the at least one water soluble
polarity modifier (v) is dissolved in the aqueous phase (iii)
and the resulting solution is added to a mixture of compo-
nents (i), (i), (iv) and (vi).

In a preferred embodiment only little energy input is
sufficient in order to obtain the stable microemulsion accord-
ing to the invention. Preferably, it is sufficient to agitate the
mixture e.g. with a magnetic stirrer, a paddle stirrer or by
hand shaking. Alternatively an homogenizer or an high
energy homogenizer can be used.

DESCRIPTION OF THE FIGURES

FIG. 1 is a DLLS analysis (correlation coefficient func-
tion) of a Tween 80 solution (4 mg/ml) in water (curve A)
and a Tween 80 solution (4 mg/ml) in water plus 35 mg/ml
triacetin (curve B).

FIG. 2 is a DLLS analysis (% volume distribution func-
tion) of tetracycline solution (20 pug/ml) in water (curve A)
and tetracycline solution (20 pg/ml) plus 30 mg/ml glycerol
in water (curve B).

FIG. 3 is a DLLS analysis (correlation coefficient func-
tion) of an aqueous docetaxel solution (curve A) and an as
described solution containing additionally 10 mg/ml triace-
tin (curve B).

FIG. 4 shows a DLLS analysis (correlation coefficient
function) of the docetaxel containing microemulsion of
Example 1.

FIG. 5 shows a DLLS analysis (% intensity distribution
function) of the docetaxel containing microemulsion of
Example 1.

FIG. 6 shows a DLLS analysis (correlation coefficient
function) of the microemulsion of Comparative Example 2
(curve A) and of Example 1 (curve B).

FIG. 7 shows a DLLS analysis (correlation coefficient
function) of the microemulsion of Example 1 at different
times (curve A (t=0), curve B (=1 hour), curve C (t=4
hours)) after dilution with 0.9% NaCl.

FIG. 8 shows a DLLS analysis (% number distribution
function) of the docetaxel containing microemulsions of
Example 1 diluted with infusion physiological solution 0.9%
NaCl (curve A. (t=0); curve B (t=1 hour); curve C (=4
hours).

FIG. 9 shows the mean (medium) plasma concentration
time curves of Docetaxel after administration of the micro-
emulsions according to Example 9 and TAXOTERE® (Ret-
erence).

METHODS

Dynamic Laser Light Scattering (DLLS) was carried out
on a Zetasizer Nano S from Malvern Instruments. DLLS is
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used for measuring the size of the microemulsion oil drop-
lets or size of the supramolecular aggregates (% distribution
function modality). Further characterization of supramo-
lecular aggregation is given by the correlation coeflicient
function modality analysis of the Dynamic Laser Light
Scattering.

Blood levels in the pharmacokinetics studies in rats are
measured from acetonitrile-extracted plasma samples by
HPLC (Agilent 1100 series, UV detector, Zorbax Agilent
column Eclipse Plus C-14, water-acetonitrile-methanol-am-
monium acetate isocratic method).

Drug assay analysis in stored formulations (stability
studies) is carried out by HPLC (Agilent series 1100, UV
detector, Zorbax Agilent column Eclipse Plus C-18, water-
acetonitrile gradient method).

EXAMPLES
Example 1

250 mg of docetaxel have been added under magnetic
stirring for 8 hours to an oily component containing 2.20 g
of ethyl oleate, 0.22 g of triacetin, 2.20 g of Tween 80, 1.10
g of Tween 20 and 0.27 g of ethanol.

18.8 g of water for injectables have been added gradually
to the oily component containing docetaxel. The microemul-
sion obtained has been mixed for 1 hour at room tempera-
ture.

The weight ratio between the inner oily component and
the external aqueous phase is equal to 1:3.0.

The final concentration of docetaxel in the microemulsion
is 10 mg/ml.

The quantitative composition (%) of the resulting micro-
emulsion is reported below:

Composition of Example 1 (wt-%)

DOCETAXEL (i) 1.00%
ETHYL OLEATE (ii) 8.80%
TRIACETIN (iii) 0.91%
TWEEN 80 (iv) 8.80%
TWEEN 20 (v) 4.40%
ETHANOL (vi) 1.09%
WATER (vii) 75.00%

Comparative Example 2

200 mg of docetaxel have been added under magnetic
stirring at room temperature for 24 hours to an oily com-
ponent containing 2.48 g of ethyl oleate, 2.48 g of Tween 80,
1.22 g of Tween 20.

18.62 g of water for injectables have been added slowly
to the oily component containing docetaxel. The microemul-
sion obtained has been mixed for 1 hour at room tempera-
ture.

The weight ratio between the inner oily component and
the external aqueous phase is equal to 1:2.9.

The quantitative composition (%) of the resulting micro-
emulsion is reported below:

Composition of Comparative Example 2 (wt-%)

DOCETAXEL (i)
ETHYL OLEATE (ii)
TWEEN 80 (iv)

0.80%
9.90%
9.90%
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-continued

Composition of Comparative Example 2 (wt-%)

TWEEN 20 (iv)
WATER (i)

4.90%
74.50%

Example 3

0.99 g of docetaxel have been added under magnetic
stirring for 8 hours to a mixture containing 19.00 g of ethyl
oleate, 18.90 g of Tween 80, 9.48 g of Tween 20 and 1.52
g of ethanol.

148.2 g of water for injectables containing 1.86 g of
triacetin and 0.08 g of citric acid have been added gradually
to the oily component containing docetaxel. The microemul-
sion obtained has been mixed for 6 hours at room tempera-
ture.

The quantitative composition (%) of the resulting micro-
emulsion is reported below:

Composition of Example 3 (wt-%)

DOCETAXEL (i) 0.50%
ETHYL OLEATE (ii) 9.48%
TRIACETIN (v) 0.93%
TWEEN 80 (iv) 9.46%
TWEEN 20 (iv) 4.74%
ETHANOL (vi) 0.76%
CITRIC ACID 0.04%
WATER (i) 74.10%

Example 4

108 mg of docetaxel have been added under magnetic
stirring for 8 hours to a mixture containing 2.00 g of ethyl
oleate, 1.99 g of Tween 80, 0.99 g of Tween 20 and 0.27 g
of ethanol.

31.89 g of water for injectables containing 0.40 g of
triacetin have been added gradually to the oily component
containing docetaxel. The microemulsion obtained has been
mixed for 6 hours at room temperature.

The quantitative composition (%) of the resulting micro-
emulsion is reported below:

Composition of Example 4 (wt-%)

DOCETAXEL (i) 0.29%
ETHYL OLEATE (ii) 5.32%
TRIACETIN (v) 1.07%
TWEEN 80 (iv) 5.28%
TWEEN 20 (iv) 2.63%
ETHANOL (vi) 0.72%
CITRIC ACID 0.05%
WATER (i) 84.64%

Example 5

250 mg of docetaxel have been added under magnetic
stirring at room temperature for 8 hours to an oily compo-
nent containing 0.96 g of ethyl oleate, 0.95 g of triacetin,
1.25 g of Plurol Oleique, 1.27 g of Tween 80 and 0.64 g of
Tween 20 and 0.64 g of ethanol.

19.04 g of sterile water for injections have been added
slowly to the oily component containing docetaxel. The
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microemulsion obtained has been mixed for 1 hour at room

temperature. The weight ratio between the inner oily com-

ponent and the external aqueous phase is equal to 1:3.2.
The quantitative composition (%) is reported below:

Composition of Example 5 (wt-%)

DOCETAXEL (i) 1.00%
ETHYL OLEATE (ii) 3.84%
TRIACETIN (v) 3.80%
PLUROL OLEIQUE (vi) 5.00%
ETOH (vi) 2.56%
TWEEN 80 (iv) 5.08%
TWEEN 20 (iv) 2.56%
WATER (iii) 76.16%

Example 6

300 mg of paclitaxel have been dissolved under magnetic
stirring at room temperature for 24 hours in an oily mixture
containing 4.98 g of Miglyol 812, 1.10 g of Propyleneglycol,
2.00 g of Brij 35, 3.00 g of Pluronic .44 NF and 1.48 g of
Cremophor EL.

37.13 g of sterile water for injections have been added
slowly to the oily mixture containing paclitaxel. The system
is mixed using a paddle mixer at the rate of 270 rpm for 1
hour.

The microemulsion obtained has a concentration of pacli-
taxel equal to 6 mg/ml.

The weight rate between the oily component and the
aqueous phase is 1:2.9.

The quantitative (%) composition is described below:

Composition of Example 6 (wt-%)
PACLITAXEL (i) 0.60%
MIGLYOL 812 (ii) 9.96%
BRIT 35 (iv) 4.00%
PLURONIC LA44 NF (iv) 6.00%
CREMOPHOR EL (vi) 2.96%
PROPYLENEGLYCOL (v) 2.21%
WATER (iii) 74.27%

Example 7

125 mg of oxaliplatin have been added under magnetic
stirring at room temperature for 8 hours to 1.31 g of DME.
Subsequently 1.34 g of ethyl oleate, 1.31 g soya oil, 1.80 g
Pluronic F68, 0.50 g of Triacetin and 1.07 g of Tween 20
have been added to the solution of oxaliplatin in DME.

17.54 g of sterile water for injections have been added
gradually to the oily component containing oxaliplatin. The
system is mixed using a paddle mixer at the rate of 200 rpm
for 1 hour.

The microemulsion obtained has a concentration of oxa-
liplatin equal to 5 mg/ml.

The weight ratio between the inner oily component and
the external aqueous phase is 1:2.4.

The quantitative (%) composition is described below:

Composition of Example 7 (wt-%)

OXALIPLATIN (i) 0.50%
ETHYL OLEATE (ii) 5.36%
SOYA OIL (ii) 5.24%
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Composition of Example 7 (wt-%)

TWEEN 20 (iv) 4.28%
3 PLURONIC F68 (iv) 7.20%
DME (vi) 5.24%
TRIACETIN (v) 2.00%
WATER (i) 70.18%
10
Example 8

200 mg of cyclosporin have been added under magnetic
stirring at room temperature for 8 hours to an oily compo-
nent containing 1.00 g of olive oil, 1.00 g of Akoline MCM,
1.20 g of Tween 80, 0.66 g of Solutol HS 15, 0.44 g of
isopropanol and 0.40 g of Ethanol.

15.10 g of sterile water for injections have been added
gradually to the oily component containing cyclosporin. The
system is mixed using a paddle mixer at the rate of 200 rpm
for 1 hour.

The microemulsion obtained has a concentration of
cyclosporin equal to 10 mg/ml.

The weight ratio between the oily component and the
aqueous phase is 1:3.2.

The quantitative (%) composition is described below:

Composition of Example 8 (wt-%)

30
CYCLOSPORIN (i) 1.00%
OLIVE OIL (ii) 5.00%
AKOLINE MCM (ii) 5.00%
TWEEN 80 (iv) 6.00%
SOLUTOL HS 15 (iv) 3.30%

35 ISOPROPANOL (v) 2.20%
ETOH (vi) 2.00%
WATER (iii) 75.50%

40 Example 9

200 mg of docetaxel have been added under magnetic
stirring for 6 hours to a mixture containing 15.9 g of ethyl
oleate, 15.9 g of Tween 80, 7.9 g of Tween 20 and 0.28 g of
ethanol.

157.5 g of water for injectables containing 2 g of Triacetin
and 0.32 g of citric acid have been gradually added to the
oily mixture containing docetaxel. The microemulsion
obtained has been mixed for 7 hours at room temperature.

The quantitative composition (%) of the resulting micro-
emulsion is reported below:

50

Composition of Example 9 (wt-%)

55
DOCETAXEL (i) 0.20%
ETHYL OLEATE (i) 7.95%
TRIACETIN (v) 1.00%
TWEEN 80 (iv) 7.94%
TWEEN 20 (iv) 3.97%
60 ETHANOL (vi) 0.14%
CITRIC ACID 0.06%
WATER (i) 78.74%

In order to monitor the level of molecular aggregation in

5 solution, Dynamic Laser Light Scattering (DLLS) has been

used. Using this technique, it is not necessary to dilute the
sample.

o
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FIG. 1 shows the DLLS analysis of a solution of the
non-ionic surfactant Tween 80 (curve A) at a concentration
of 4 mg/ml, i.e. above the CMC (critical micellar concen-
tration) of the surfactant. A regular symmetric correlation
function is registered, showing a symmetric size distribution
of colloidal molecular aggregates originated by the micelles
of the surfactant. The addition of triacetin to the aqueous
solution (curve B) prevents the formation of the surfactant
micelles.

FIG. 2 shows the DLLS analysis (size volume % distri-
bution function) of the amphiphilic drug tetracycline in
water. Curve A (tetracycline (20 pg/ml) in water) evidenti-
ates 3 peaks corresponding to aggregates of 3 different sizes
(80 nm, 600 nm, 5000 nm), curve B shows that the addition
of glycerol (30 mg/ml) eliminates the larger aggregates; at a
higher concentration of glycerol (90 mg/ml) no aggregates
are observed.

FIG. 3 shows the DLLS analysis (correlation coeflicient
function) of the amphiphilic drug docetaxel (50 pg/ml) in
water. Curve A (docetaxel in water) evidentiates the pres-
ence of aggregates; addition of triacetin (10 mg/ml) (curve
B) greatly reduces supramolecular aggregation whereas
addition of 30 mg/ml of triacetin totally eliminates the
presence of molecular aggregates.

DLLS analysis of the docetaxel microemulsion of
example 1 is reported in FIGS. 4 and 5: the correlation
coeflicient function (FIG. 4) evidentiates the presence of
only one regular symmetrical scattering distribution func-
tion corresponding to the monomodal size distribution of the
microemulsion droplets (FIG. 5). No supramolecular aggre-
gates are detected.

DLLS (correlation coefficient function) analysis of the
docetaxel microemulsion of Comparative Example 2 (curve
A) is reported in FIG. 6 compared with the data of the
microemulsion of Example 1 (curve B) as a reference: the
correlation coefficient function curve A evidentiates the
deviation from a regular symmetrical scattering distribution
function, showing the coexistence of aggregates/precipitates
and oil droplets of the microemulsion.

These results clearly demonstrate the role of the polarity
modifier triacetin and cosurfactant ethanol, the only com-
ponents present in the microemulsion of Example 1 but not
in the one of Comparative Example 2.

The DLLS analysis of the Docetaxel microemulsion of
Example 1 after dilution (1/20) with infusion physiological
solution 0.9% NaCl at different times is reported in FIGS. 7
and 8: the correlation coefficient function (FIG. 7) eviden-
tiates the presence of only one regular symmetrical scatter-
ing distribution function at all times which corresponds to
the monomodal size distribution of the microemulsion drop-
lets (FIG. 8) and shows the absence of any supramolecular
aggregates or precipitate.

FIG. 9 shows the mean (medium) plasma concentration
time curves of Docetaxel after administration of the micro-
emulsions according to Example 9 and TAXOTERE® (Ret-
erence).

A pharmacokinetic study (single bolus injection) on a rat
animal model has been carried out investigating the micro-
emulsion of Example 1. The data were compared with the
formulation TAXOTERE® already on the market. The
experimental procedure which has been followed is reported
below:

a) Sprague Dawley (Harlan Italy) rats, weight range

0.4-0.5 kg; 6 animals are used for each formulation;

b) rat tail vein and arteria are incanulated with a catheter

for both bolus dose administration (vein) and blood
sampling (arteria);
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c) single bolus docetaxel dose of 10 mg/kg body is
administered over 30 second into catheter;

d) blood samples are collected at time 5, 10", 15', 30", and
60",

e) plasma is separated by centrifugation in heparinezed
vials;

) docetaxel is extracted by acetonitrile and dried under
vacuum;

g) docetaxel content in the dried sample is determined by
HPLC;

h) HPLC was an AGILENT series 1100, with an UV
detector, column Agilent Zorbax Eclipse XDB-C18.
In Table 1 the AUC derived from plasma levels is

reported.

TABLE 1

Pharmacokinetic Studies in Sprague Dawley Rats

MICROEMULSION
TAXOTERE ® EXAMPLE 1
AUC! 394.95 = 24.61 pg/ml/min 340.47 = 26.43 pg/ml/min

TAUC is derived from experimental plasma docetaxel concentrations at all blood sampling
times; docetaxel concentration at t = 0 is calculated by mathematical function extrapolation
from all other data.

The values of AUC of the microemulsion of the invention are not statistically different (at
p = 0.05 and p = 0.01) from the AUC of TAXOTERE ®.

Further, another pharmacokinetic study in rats has been
carried with the microemulsion of Comparative Example 2.

The experimental procedure which has been followed is
reported below:

a) Spague Dawley rats (3), weight range 0.4-0.5 kg;

b) rat tail vein and arteria are incanulated with a catheter
for both bolus dose administration (vein) and blood
sampling (arteria);

c) single bolus docetaxel dose of 10 mg/kg body is
administered over 30 second into catheter;

Animals show shortly after beginning of administration
severe HSR-related side effects, i.e. pain, breath difficulties,
trembling and die within a few minutes (3 subjects out of 3).

A further pharmacokinetic study (continuous perfusion)
on a rat animal model has been carried out investigating the
microemulsion of Example 3. The data were compared with
the formulation TAXOTERE® already on the market. The
experimental procedure which has been followed is reported
below:

a) Sprague Dawley (Harlan Italy) rats, weight range

0.4-0.5 Kg; 6 animals are used for each formulation;

b) rat tail vein and arteria are incanulated with a catheter
for dose administration (vein) and blood sampling
(arteria); to the vein catheter a peristaltic pump is
connected;

¢) docetaxel dose of 20 mg/kg body is administered over
180 minutes by continuous perfusion into the vein
catheter (perfusion rate of 5 ml/60 min);

d) blood samples are collected at time 20', 40', 60', 90",
120 and 180"

e) plasma is separated by centrifugation in heparinezed
vials;

) docetaxel is extracted by acetonitrile and dried under
vacuum;

g) docetaxel content in the dried sample is determined by
HPLC;

h) HPLC was an AGILENT series 1100, with an UV
detector, column Agilent Zorbax Eclipse XDB-C18.

In Table 2 the docetaxel plasma concentrations generated
by the perfusion study are reported.
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TABLE 2

Docetaxel perfusion study in Sprague Dawley rats

Docetaxel plasma concentration (ug/ml)

Time (min) Taxotere ® Microemulsion Example 3
20 4.20 £ 0.75 372 £ 1.83
40 4.87 = 1.19 4.77 = 2.06
60 3.98 + 1.54 5.05 = 1.45
90 0.57 = 0.08 1.03 £ 0.39
120 0.33 = 0.09 0.59 + 0.19
180 0.16 = 0.18 0.32 £ 0.10

From the data reported in Table 2 it is concluded that the
microemulsion of example 3 is generating plasma docetaxel
levels comparable to those of the marketed formulation
Taxotere®.

In table 3 the stability data of the docetaxel microemul-
sion formulation of example 4 are shown; the docetaxel
concentrations (analyzed by HPLC as reported in the Meth-
ods paragraph) remain stable for the storage period.

TABLE 3

Docetaxel stability at R.T. in microemulsion of example 4

Time (months) Docetaxel concentration (mg/g)

0 29.8
1 29.7
3 294
6 29.7

A further pharmacokinetic study (single bolus injection)
on a beagle dog animal model has been carried out inves-
tigating the microemulsion of Example 9. The data were
compared with those obtained with the formulation TAXO-
TERE® already on the market. The experimental procedure
which has been followed is reported below.

(a) beagle dogs (Halan, Germany), twelve animals are

used for each formulation;

(b) cross-over design;

(c) intravenous infusion;

(d) formulations are diluted with physiological solution
(NaCl 0.9%);

(e) single bolus Docetaxel dose of 0.6 mg/kg body weight
is administered over one hour;

() plasma samples are collected at five minutes, 10
minutes, 15 minutes, 30 minutes, 60 minutes, 1 hour, 2
hours, 4 hours, 6 hours, 8 hours;

(g) plasma is separated by centrifugation in heparinized
vials;

(h) Docetaxel is extracted by acetonitrile and dried under
vacuum;

(1) Docetaxel content in the dried sample is determined by
HPLC;

(j) HPLC was an AGILENT series 1100 with an UV
detector, column AGILENT ZORBAX ELLIPSE
XDB-C18.

As can be seen from the pharmacokinetic study in FIG. 9,
the plasma concentration after administration of the micro-
emulsion according to Example 9 over time in beagle dogs
is almost identical to the plasma concentration after having
administered TAXOTERE® (Example 9). (See FIG. 9). The
values of AUC of the microemulsion of the invention are
statistically equivalent compared to the AUC of TAXO-
TERE® (121.56 ng/ml/h for the microemulsion of example
9 vs. 111.97 ng/ml/h for TAXOTERE®; (CV=30%).
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The subject-matter of the following items is also com-

prised by the present invention.

1. Microemulsion comprising
(1) at least one amphiphilic substance,

(ii) at least one oily component,

(ii1) an aqueous phase,

(iv) at least two structurally different non-ionic surfac-
tants, and

(v) at least one polarity modifier and

(vi) at least one cosurfactant.

2. Microemulsion according to item 1, wherein the amphi-
philic substance is an amphiphilic pharmaceutically
active agent.

3. Microemulsion according to any of items 1 or 2, wherein
the solubility of the amphiphilic substance is less than 5
g/l in water, preferably less than 0.5 g/l.

4. Microemulsion according to any one of items 1-3,
wherein the amphiphilic pharmaceutically active agent is
selected from the group consisting of taxanes or taxane
derivatives such as paclitaxel, docetaxel, etoposide, vin-
blastine, doxorubicin, epirubicin, idarubicine; platinum
compounds such as cisplatin, carboplatin, oxaliplatin;
cyclosporin, ansamycin, erythromycin, tetracycline,
amphotericin B, enalapril, salbutanol, zometabine and
droperidol.

5. Microemulsion according to any of items 1 to 4, wherein
the amphiphilic pharmaceutically active agent is a taxane
or a taxane derivative.

6. Microemulsion according to any one of items 1-5,
wherein component (i) is present in an amount of 0.0001
to 5.0 wt.-% based on the total weight of the microemul-
sion.

7. Microemulsion according to any one of items 1 to 6,
wherein the oily component (ii) is selected from the group
consisting of fatty acids and fatty acid esters.

(Bristol-Myers
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8. Microemulsion according to any one of items 1-7,
wherein the oily component (ii) is present in an amount of
0.1 to 25 wt.-% based on the total weight of the micro-
emulsion.

9. Microemulsion according to any of items 1-8, wherein the
aqueous phase (iii) comprises water and optionally water
soluble formulation aids.

10. Microemulsion according to any of items 1-9, wherein
the aqueous phase (iii) is present in an amount of 40 to 95
wt.-% based on the total weight of the microemulsion.

11. Microemulsion according to any one of items 1-10,
wherein the non-ionic surfactants (iv) are selected from
the group consisting of alkylglucosides, polyoxyalkylene
alkyl ethers, polyoxyalkylene alkyl phenols, polyoxyalky-
lene fatty acid esters, polyoxyalkylene glycerol fatty acid
esters, polyoxyalkylene sorbitane fatty acid esters, poly-
oxyalkylene block-copolymers, polyglycerol fatty acid
esters, polyoxyalkylene glycerides, polyoxyalkylene ste-
rols, polyoxyalkylene vegetable oils, polyoxyalkylene
hydrogenated vegetable oils, polyglycerol ether, polyoxy-
alkylene glycerol ester, and polyvinylalcohol.

12. Microemulsion according to any one of items 1-11,
wherein component (iv) is present in an amount of 0.1 to
25 wt.-% based on the total weight of the microemulsion.

13. Microemulsion according to any one of items 1-12,
wherein the polarity modifier (component (v)) has an
overall solubility parameter O, of lower than 47.9
(J/em®)M2,

14. Microemulsion according to any of items 1-13, wherein
the polarity modifier has an hydrogen bond associated
solubility parameter d,, of lower than 42.9 (J/cm?®)"2.

15. Microemulsion according to any one of items 1-14,
wherein the polarity modifier is soluble in water.

16. Microemulsion according to any one of items 1-16,
wherein the polarity modifier is selected from the group
consisting of ethylacetate, propylene-glycol, methanol,
ethanol, acetic acid and glycerol triacetate, and is prefer-
ably glycerol triacetate.

17. Microemulsion according to any one of items 1-16,
wherein the polarity modifier is present in an amount of
0.1 to 10 wt.-% based on the total weight of the micro-
emulsion.

18. Microemulsion according to any one of items 1-17,
wherein the co-surfactant (vi) is selected from the group
consisting of non-ionic surfactants, mono alcohols, poly-
ols and mixtures thereof.

19. Microemulsion according to any one of items 1-18,
wherein the cosurfactant (vi) is present in an amount of
0.05 to 15 wt.-% based on the total weight of the micro-
emulsion.

20. Microemulsion according to any one of items 1-19
wherein the weight ratio of component (iii) to component
(ii) is lower than 50:1.

21. Microemulsion according to any one of items 1-20,
wherein the weight ratio of component (iii) to component
(v) is 1000:1 to 10:1.

22. Microemulsion according to any one of items 1-21,
wherein the microemulsion is an oil-in-water microemul-
sion.

23. Microemulsion according to any of items 1-22, wherein
the formation of superaggregates is reduced compared to
microemulsions lacking a polarity modifier or/and a
cosurfactant.

24. Microemulsion according to any of items 1-23, wherein
the mean average diameter of the oil droplets is in the
range of 5 to 10,000 nm.
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25. Microemulsion according to any of items 1-24 compris-
ing
as amphiphilic substance a pharmaceutically active agent,
as oily component at least one fatty acid ester of mono-

hydric alcohols,
as aqueous phase a pharmaceutically-acceptable water,
as at least two structurally different non-ionic surfactants
polyoxyalkylene sorbitane fatty acid esters,
as polarity modifier triacetin; and
a co-surfactant.
26. Microemulsion according to any of items 1-24, com-
prising
as amphiphilic substance (component (i)), docetaxel,
paclitaxel, oxaliplatin or cyclosporin,

as oily component (component (ii)) at least one fatty acid
ester of monohydric alcohols,

as aqueous phase (component (iii)) a pharmaceutically
acceptable water,

as at least two structurally different non-ionic surfactants
(component (iv)) polyoxyalkylene sorbitane fatty acid
esters,

as polarity modifier (component (v)) triacetin and

as cosurfactant (component (vi)) ethanol and/or DME.

27. Microemulsion according to item 26, wherein
the amphiphilic substance is Docetaxel,
the oily component is ethyl oleate,
the at least two structurally different non-ionic surfactants

are polyoxyethylene sorbitane monooleate (Tween
80®) and polyoxyethylene sorbitane monolaurate
(Tween 20®) and the co-surfactant is ethanol.
28. Process of manufacturing a microemulsion according to
any of items 1 to 25, comprising the steps of
(a) preparing a mixture of components (i), (ii), (iv), (v)
and (vi),

(b) adding component (iii) to the mixture obtained in a)
under stirring in several portions and

(c) further agitating the mixture obtained in b).

29. Use of the microemulsion according to items 1-25 for the
manufacture of a pharmaceutical composition for admin-
istration to a patient.

30. Use according to item 27, wherein the pharmaceutical
composition is an injectable formulation.

31. Use according to item 28 for reducing or inhibiting the
formation of superaggregates in injectables.

The invention claimed is:

1. A microemulsion comprising

(1) an amphiphilic pharmaceutically active agent in an
amount of 0.1 to 2 wt %,

(ii) at least one oily component in an amount of 3 to 10
wt %,

(ii1) an aqueous phase in an amount of 65 to 90 wt %,

(iv) at least two structurally different non-ionic surfactants
in an amount of 6-16 wt %,

(v) at least one polarity modifier in an amount 0o 0.7 to 4.2
wt, wherein at least one of said polarity modifiers is
triacetin, and

(vi) at least one co-surfactant in an amount of 0.5 to 8 wt
%, wherein the co-surfactant is selected from ethanol or
diethylene glycol monoethyl ether, wherein said at least
one co-surfactant is different from the non-ionic sur-
factants of component (iv), from the oily component
(i1) and from the polarity modifier (v).

2. The microemulsion according to claim 1, wherein the
amphiphilic pharmaceutically active agent is selected from
the group consisting of paclitaxel, docetaxel, etoposide,
vinblastine, doxorubicin, epirubicin, and idarubicine.
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3. The microemulsion according claim 1, wherein the oily
component (ii) is selected from the group consisting of fatty
acids and fatty acid esters.

4. The microemulsion according to claim 1, wherein the
aqueous phase (iii) comprises water and optionally water
soluble formulation aids.

5. The microemulsion according to claim 1, wherein the
non-ionic surfactants (iv) are selected from the group con-
sisting of alkylglucosides, polyoxyalkylene alkyl ethers,
polyoxyalkylene alkyl phenols, polyoxyalkylene fatty acid
esters, polyoxyalkylene glycerol fatty acid esters, polyoxy-
alkylene sorbitane fatty acid esters, polyoxyalkylene block-
copolymers, polyglycerol fatty acid esters, polyoxyalkylene
glycerides, polyoxyalkylene sterols, polyoxyalkylene veg-
etable oils, polyoxyalkylene hydrogenated vegetable oils,
polyglycerol ether, polyoxyalkylene glycerol ester, and
polyvinylalcohol.

6. The microemulsion according to claim 1, wherein the
polarity modifier (component (v)) has an overall solubility
parameter 8, of lower than 47.9 (J/em*)'?, in particular a
hydrogen bond associated solubility parameter d;, of lower
than 42.9 (J/cm®)*2,

7. The microemulsion according to claim 1, further com-
prising a second polarity modifier selected from the group
consisting of ethylacetate, propyleneglycol, methanol, etha-
nol, and acetic acid.

8. The microemulsion according to claim 1, wherein the
weight ratio of component (iii) to component (ii) is lower
than 50:1 and the weight ratio of component (iii) to com-
ponent (v) is 1000:1 to 10:1.

9. The microemulsion according to claim 1, wherein the
formation of super aggregates is reduced compared to
microemulsions lacking a polarity modifier or/and a cosur-
factant.

10. The microemulsion according to claim 1, which is an
oil-in-water microemulsion.

11. The microemulsion according claim 1, wherein

said oily component is at least one fatty acid ester of

monohydric alcohols,

said aqueous phase is a pharmaceutically-acceptable

water,

said at least two structurally different non-ionic surfac-

tants are polyoxyalkylene sorbitane fatty acid esters,
and

said polarity modifier is triacetin.

12. The microemulsion according to claim 1, wherein said
amphiphilic substance (component (1)), is docetaxel or pacli-
taxel,

said oily component (component (ii)) is at least one fatty

acid ester of monohydric alcohols,

said aqueous phase (component (iii)) is a pharmaceuti-

cally acceptable water,
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said at least two structurally different non-ionic surfac-
tants (component (iv)) are polyoxyalkylene sorbitane
fatty acid esters,

said polarity modifier (component (v)) is triacetin and

said cosurfactant (component (vi)) is ethanol and/or

DME.

13. The microemulsion according to claim 12 wherein

the amphiphilic substance is Docetaxel,

the oily component is ethyl oleate,

the at least two structurally different non-ionic surfactants

are polyoxyethylene sorbitane monooleate (Tween
80®) and polyoxyethylene sorbitane monolaurate
(Tween 20®) and the co-surfactant is ethanol.

14. A process of manufacturing a microemulsion accord-
ing to claim 1, comprising the steps of

(a) preparing a mixture of components (i), (ii), (iv), (v)

and (vi),

(b) adding component (iii) to the mixture obtained in a)

under stirring in several portions and

(c) further agitating the mixture obtained in b).

15. A method for making an injectable formulation com-
prising combining a microemulsion according to claim 1,
with formulation aid suitable for use in an injectable for-
mulation.

16. A pharmaceutical composition comprising

(a) a microemulsion comprising

(1) an amphiphilic substance that is a taxane or a taxane
derivative in an amount of 0.1 to 2 wt %,

(ii) at least one oily component in an amount of 3 to 10
wt %,

(iii) an aqueous phase in an amount of 65 to 90 wt %,

(iv) at least two structurally different non-ionic surfac-
tants in an amount of 6-16 wt %,

(v) at least one polarity modifier in an amount of 0.7 to
4.2 wt, wherein at least one of said polarity modifiers
is triacetin, and

(vi) at least one co-surfactant in an amount of 0.5 to 8
wt %, wherein the co-surfactant is selected from
ethanol or diethylene glycol monoethyl ether,

wherein said at least one co-surfactant is different from
the non-ionic surfactants of component (iv), from the
oily component (ii) and from the polarity modifier
(v), and

(b) a pharmaceutically acceptable water, buffer or solu-

tion.

17. The microemulsion according to claim 1, wherein the
amphiphilic pharmaceutically active agent is a taxane or
taxane derivative.

18. The microemulsion according to claim 10, wherein
the mean average diameter of the oil droplets in the con-
tinuous aqueous phase is in the range of 5 to 10,000 nm.
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